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ABSTRACT 
POTASSIUM SUPPLYING POWER OF AN ALLUVIAL SOIL 
IN MASSACHUSETTS 
May, 1990 
MORTEZA MOZAFFARI, B.S., UNIVERSITY of MASSACHUSETTS 
M.S., UNIVERSITY of MASSACHUSETTS 
Directed by : Professor John H. Baiter 
A three year field and laboratory study on K supplying power of an alluvial soil 
in Massachusetts is reported. Corn (fertilized with N, but not P and K) was grown 
for 3 consecutive years using standard tillage practices. Topsoil and subsoil samples 
were collected each year in the spring before planting and in the fall after harvest 
using a systematic intensive paired sampling scheme. At each harvest the total 
above ground portion of the plants was collected and dry weight, K concentration 
and K content were measured. 
The potassium supplying power was evaluated by measuring the effect of crop¬ 
ping without K fertilization on the topsoil and subsoil exchangeable K, HNO3 
extractable K, and total K. The sensitivity of topsoil exchangeable K, HNO3 ex¬ 
tractable K and total K to K removal from soil by cropping without K fertilization 
W£LS also tested. The study also investigated the relation between plant parameters 
(dry weight, K concentration and K content) and topsoil, subsoil or topsoil and 
subsoil exchangeable K. The relation between cumulative K removal by 3 crops of 
corn and the reduction in topsoil HNOz extractable K and total K from the spring 
of the first year to the fall of the third year was determined. 
VI 
Cropping did not significantly reduce the topsoil or subsoil exchangeable K. 
However it significantly reduced topsoil HNOz extractable K and total K. Topsoil 
exchangeable and HNO3 extractable K were not sensitive to cropping, but total K 
was. 
Corn produced near maximum yield, even in the third year of cropping with¬ 
out K fertilization. Plant dry weight was not correlated with topsoil or subsoil 
exchangeable K in any of the years. Plant K concentration and K content were not 
correlated with topsoil exchangeable K in the first and second year but they were 
highly correlated with topsoil exchangeable K in the third year. Inclusion of subsoil 
exchangeable K did not significantly improve any of the correlations. Cumulative 
K removal by 3 crops of corn was correlated with the reduction in topsoil HNOz 
extractable K from spring of the first year to the fall of the third year. 
This alluvial soil had a remarkable K supplying power which could sustain 
near maximum corn yields. This is ascribed to the release of a considerable amount 
of K from the soil mineral fraction, as corroborated by the sensitivity of total 
K to cropping. The two most widely used indexes of immediate and long term K 
availability (exchangeable and HNO3 extractable K) were not sensitive to cropping. 
Vll 
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CHAPTER I 
INTRODUCTION AND BACKGROUND 
Introduction 
Potassium is the fourth most abundant mineral nutrient in the hthosphere 
(Schroeder, 1978) and with the exception of nitrogen, is absorbed by plants in 
larger quantities than any other mineral nutrient (Tisdale and Nelson, 1975). The 
potassium content of most mineral agricultural soils varies between 1 and 2 percent 
(Jackson, 1964). 
Soil K exists in various forms. Soil solution K refers to the amount of K which 
is dissolved in soil water. Exchangeable K is the K adsorbed on the exchange sites 
of the soil colloidal fraction. As an operational term it is defined as the amount 
of K extracted by neutral 1 M NH4OAC. The term nonexchangeable K refers to 
potassium which is not extractable by usual cation exchange methods. This covers 
a wide range, from K which is a component of the crystal structure of soil minerals 
such as mica and feldspar to potassium in the interlayers of 2:1 intergrades. 
These various fractions are present in different proportions. Most researchers 
agree that the largest proportion of total K is in nonexchangeable form. Usually 
less than 1 percent of total K is in exchangeable form and a much smaller fraction 
is in soil solution (Martin and Sparks, 1985). 
There is a dynamic equilibrium among the different forms of soil K, which has a 
significant influence on plant availabihty of this nutrient (Sparks, 1980). Weathering 
of K bearing minerals can release K into the soil solution. The released K or K from 
fertilizers can be absorbed by growing plants or fixed by certain clay minerals such 
as vermicuHte. 
The soil solution is the immediate source of K for plants. Potassium in the 
soil solution moves to plant roots by mass flow and diffusion (Barber and Hum- 
1 
bert, 1963). Upon crop removal of the soil solution K, its supply is replenished by 
exchangeable and nonexchangeable forms of potassium. The ability of the soil to 
supply K from sources other than exchangeable fraction has been referred to as K 
supplying power (Pearson, 1952). 
Todays modern agriculture relies heavily on K fertilization for maintaining high 
yields. In 1982 about 422,836 tons of K fertilizer were applied to agricultural soils 
of the United States. About 50% of that amount was used for corn production 
(Welch and Flannery, 1985). Corn silage is a major Massachusetts crop. In 1983 
about 17,400 hectares of land were under corn silage production, and it brought a 
revenue of 19.9 million dollars (USDA, 1984). 
Literature Review 
Exchangeable K is the soil fraction most widely used for predicting the K fertil¬ 
izer requirement of plants. Some researchers have found it a reliable predictor of K 
availability (Barber et al, 1961; Bishop et al., 1954; Hanway et al., 1961; Matthews 
and Sherrell, 1960; Pearson, 1952; Pratt, 1951; Schmitz and Pratt, 1953). How¬ 
ever, other researchers have not found it, to be a reliable indicator of K availability 
(Gholston and Hoover, 1948; Hsu et al., 1979; Pope and Cheney, 1957; Rasnake 
and Thomas, 1976). Bertsch and Thomas (1985) attributed the suitability or un¬ 
suitability of exchangeable K for predicting K fertilizer requirement to differences 
in soil mineralogy. One possible implication is that reliability of this method for 
prescribing fertilizer needs is dependent on soil type. If the soil has the capacity to 
provide K from sources other than the exchangeable fraction then the usefulness of 
this method will be limited. 
Sensitivity of exchangeable K (and other indexes of soil K availability) to crop¬ 
ping, i.e., whether the reduction in exchangeable K (or other indexes) due to crop¬ 
ping can reflect (or account for) the amount of K removed by cropping, is not widely 
2 
tested. Information on sensitivity of soil K tests appears to be an area of research 
which merits some attention (Bertsch and Thomas, 1985). 
Extraction with boiling HNO3 has been widely used to measure K supplying 
power of soils. A list of workers who have used this method is provided by Martin 
and Sparks (1985). Most researchers concur that HNO3 removes some of the K in 
the interlayers between adjacent tetrahedral sheets of soil mica or mica vermiculite 
intergrades. Potassium extracted by this method has been correlated with mica 
vermiculite intergrade minerals (Binnie, 1958; Conyers, 1966; Cook and Hutcheson, 
1960; Grissinger and Jefferies, 1957). It has also been correlated with various plant 
K uptake parameters in greenhouse studies (Conyers and McLean, 1969; Garman, 
1957; Hsu et al., 1979; Pratt and Morse, 1954). 
Greenhouse studies have provided useful information on general K release char¬ 
acteristics of soils. In greenhouse cropping a relatively small volume of the soil is 
exploited by a relatively large volume of plant roots, a condition drastically different 
from the field. Experimental data concerning the correlation of K extractable by 
HNOz to K removal by crops in the field is virtually non existent. Furthermore, 
the exact nature and extent of K extraction by boiling HNO3 is not well known. It 
is possible that some of the potentially plant available K is not extractable by this 
method. This can be ascertained by testing the sensitivity of HNO3 extractable 
K to cropping. Despite its wide usage, the sensitivity of HNO3 extractable K to 
cropping (particularly under the field conditions) has not been tested. As explained 
previously, the ability of a soil to supply K from sources other than the exchange¬ 
able fraction has been referred to as K supplying power. It has been associated with 
clay content (Cook and Hutcheson, 1960; McEwen and Matthews, 1958; Tabatabai 
and Han way, 1969). It is generally believed that coarse textured soils do not have 
a high K supplying power. However, in recent years there have been some reports 
3 
concerning the lack of crop response to K fertilization on coarse textured soils 
(Herbert and Baker, 1983; Liebhardt et al., 1976; Rhem et al., 1981). 
Various attempts have been made to explain this lack of response. Yuan et al. 
(1976) studied K release to various chemical extraction agents in a fine sandy loam 
from the lower Atlantic Coastal Plain which had failed to respond to K fertilization. 
They found that despite low levels of exchangeable and HNO3 extractable K, there 
was a large reservoir of total K in the soil mineral fraction. 
Plant roots will normally proliferate into the subsoil. This process is enhanced 
in the absence of adverse physical (e.g., impermeable layers) and chemical (e.g., 
Al toxicity) conditions. Exchangeable K in subsoil can be utilized by deep rooted 
crops such as corn (Hanway et al., 1962; MacLean and Doyle, 1963; Woodruff 
and Parks, 1980). Several investigators have ascribed the lack of response to K 
fertilization to substantial release of this nutrient from the mineral fraction of the 
topsoil, utilization of subsoil exchangeable K, or both (Bertsch and Thomas, 1985; 
Liebhardt et al., 1976; Rhem et al., 1981; Sparks et al.,1980; Sparks, 1980). 
Further research is needed to prove the utilization of both or either source(s). 
Quantification of the relative importance of either sources would also be helpful. 
Acquired knowledge will substantially increase our understanding of the interaction 
between the soil and plant K. 
One possible approach is to monitor the change in topsoil and subsoil exchange¬ 
able K when a crop is grown without K fertilization; particularly in soils which had 
not responded to K fertilization. 
It is impossible for any researcher to test the entire soil volume of an exper¬ 
imental plot. Thus one has to rely on soil samples to characterize the population 
under the study (Peck and Melsted, 1973) and reliable sampling is a prerequisite. 
Regardless of analytical precision, chemical and physical deterrmnation will be of 
4 
little value if the samples do not truly represent the population under the study. 
Agricultural soils are exteremly heterogeneous. This is partly due to the residual 
effects of years and years of application of agricultural chemicals (e.g., broadcast 
and band application of chemical fertilizers). Thus a proper sampling scheme has 
to try to minimize the effects of soil variability. 
Many researchers use composite sampling to offset soil variability. A good 
composite sample can provide an estimate of the average fertility status of a plot 
or a field. It can not provide any information about the variability and fertility 
gradient in a field. Systematic sampling can provide this information. For research 
purposes variability and fertility gradients are exteremly useful in the study of a 
highly heterogeneous population, such as the soil in a research plot (James and 
Dow, 1972). This has led several researchers to consider systematic sampling as 
a superior method for soil chemistry/fertility research (Cline, 1944; Peterson and 
Calvin, 1965). 
Equally important to sampling design is the sample size. An appropriate sam¬ 
ple size is one which will give an estimate of the population mean that is as close 
as possible to the ’true’ value of the population mean. Sample size is governed by 
the variability among the sampling units (the higher the variability the larger the 
sample size), and the desired degree of precision (the higher the degree of precision 
the larger the sample size) (Gomez and Gomez, 1984). Data from previous exper¬ 
iments or pilot sampling studies can be a valuable tool for estimating the number 
of samples required. The required number of samples to estimate the mean of a 
population at certain level of significance within a prescribed margin of error can 
be estimated from the following formula : 
taS^ 
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Where n is the required number of samples, t is the students t value at a 
probabihty level, S is the standard deviation and D is the prescribed margin of 
error (Peterson and Calvin, 1965). 
For example, 9 soil samples were taken from an experimental block and the 
following estimates of exchangeable K (in kgha~'^) were obtained: 350, 400, 360, 
299, 380, 340, 402, 420, 332. (X=365 and S i 40). If the researcher wishes to 
estimate exchangeable K content of this block at 95% confidence level within ±20 
kgha~^ ^ he will need to take 20 samples, because: 
iaS^ 
_ (2.26f * (40)2 
-(20P- 
In practice, factors such as availabihty of resources have a profound influence on 
the number of samples which can be collected for a study. 
Justification for this Research 
Release of K from the mineral fraction of coarse textured soils of the North¬ 
eastern United States is not expected to be significant (Thomas and Hipp, 1968). 
However, corn grown on a Hadley silt loam at the University of Massachusetts South 
Deerfield Research Farm failed to respond to K fertilization in fertility experiments 
conducted between 1980-1982 (Herbert and Baker, 1982, 1983). 
The Hadley soil series is one of the major agricultural soils of the Northeast. 
In Hampshire County, Massachusetts, alone more than 6,000 acres of this soil axe 
under intensive crop production (Swenson, 1981). 
In an attempt to explain the lack of response, exchangeable K levels of selected 
blocks was monitored from the fall of 1980 to the fall of 1981 by random sampHng. 
Potassium fertilizer was not applied during that period and corn was grown in the 
1981 growing season. The monitored blocks are identified in Appendix A. 
6 
Contrary to expectation, the data showed a progressive increase in exchange¬ 
able K (table 1.1). With the exception of block 105, exchangeable K appeared to 
increase by 17-86 % from spring of 1981 to fall 1981, even though K was removed 
by the corn in 1981. It was thought that this was due to either sampling error 
associated with random sampling or the release of an appreciable amount of K from 
the soil mineral fraction. An intensive systematic paired sampling (sampling the 
same point on a grid pattern, before planting and after crop harvest) would reduce 
sampling error. With no K fertilization the information on K removal by crops and 
exchangeable K content of topsoil and subsoil before and after cropping would show 
the effect of cropping on topsoil and subsoil exchangeable K. This information can 
be used to test the sensitivity of topsoil and subsoil exchangeable K to cropping. 
Lack of sensitivity of topsoil and or subsoil to cropping would indicate K release 
from soil minerals. 
An important question would be whether the K release can be substantial 
enough to sustain maximum or near maximum crop yield. Ability to sustain max¬ 
imum crop yield by utilizing K from soil minerals would indicate that the soil has 
a good K supplying power. The immediate question is whether or not this K sup¬ 
plying power can be utilized for crop production ? 
As mentioned, extraction with boihng HNO3 is the most widely used method 
for predicting long term K supplying power of soils. However, its sensitivity and 
its correlation with K removal by crops under the field conditions has not been 
widely tested. Information concerning the above aspects of HNO^ extractable 
K will be very helpful for utilization of potassium supplying power of soils. If 
HNOz extractable K is not sensitive to cropping; but total K is; then the potassium 
supplied for plant growth is supplied by soil mineral(s) which are resistant to boiling 
HNO3 extraction. 
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statement of Obiectives 
For corn grown on Hadley soil for 3 consecutive years, without any K fertiliza¬ 
tion, determine: 
1. Annual dry matter per plant, K concentration, K content and cumulative K 
removal by 3 corn crops grown during the 3 consecutive years, 
2. The effect of cropping year on the above plant parameters, 
3. The effect of cropping on topsoil and subsoil exchangeable K, 
4. The sensitivity of topsoil exchangeable K to cropping, 
5. The correlation between plant parameters (dry weight, K concentration and K 
content) and topsoil, subsoil or topsoil and subsoil exchangeable K, 
6. Possible corn yield limitation due to K deficiency, 
7. The effect of cropping on topsoil and subsoil HNO3 extractable K, 
8. The sensitivity of topsoil HNOz extractable K to cropping, 
9. The relation between cumulative K removal by the 3 crops of corn; and the 
change in topsoil HNOz extractable K; from the spring of the first year to the 
fall of the last year, 
10. The effect of cropping on topsoil total K and 
11. The sensitivity of topsoil total K to cropping. Objectives 1,2 are addressed 
in chapter III, chapter IV is concerned with objectives 3,4 and 5. Chapter 
V focuses on objective 6. Chapter VI concentrates on objectives 7,8 and 9. 
Chapter VII is devoted to objectives 10 and 11. 
9 
CHAPTER II 
MATERIALS AND METHODS 
Field Procedures 
Field experiments were conducted during the 1985, 1986 and 1987 growing 
seasons at the Massachusetts Agricultural Experiment Station Farm in South Deer¬ 
field. The soil type at the site is a Hadley silt loam (Typic Udifluvent, coarse-silty 
mixed, non- acid, mesic). Corn (Zea mays L .) variety Agway 584 S was planted 
at a density o£ 66000 seeds ha~^ in May and harvested in October of each year. 
Agricultural limestone was applied at the rate of 4400 kgha~^ in each year. Am¬ 
monium nitrate was applied at the rate of 390 kgha~^ (110 kgha~^ N), but no P 
or K fertilizer were applied. 
A 27.5 X 30.5 meter parcel of land was selected as the study site. This site 
had been used for fertility experiments between 1980-1982. The exact location of 
the site with respect to general map of South Deerfield research farm is described 
in Appendix A. The parcel was divided into 30, 4.5 by 6.5 meter blocks. Four 
blocks were selected at random (previous K application rates on these blocks is 
summarized in table 2.1) and a grid pattern was established within each block, 
creating 24 plots each measuring 90 X 90 cm arranged in a (6 x 4) pattern. The 
intersection of lines of the grid patterns were selected as sampling sites, which will 
be referred to as plots hereafter. Permanent markers were placed so that the grid 
could be recreated. This made it possible to take 24 soil and or plant samples from 
each plot at exactly the same spot every year and season. Based on pilot sampling 
studies this was the appropriate sample size (Appendix B). The location of blocks 
and the plots (sampling sites) within the block is shown in figures 2.1 and 2.2. 
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Figure 2.1 Location of the experimental blocks. 
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Each year at harvest the total above ground portion of the plant was harvested 
from all 24 plots and dry weight per plant was measured. In addition, in 1987 (after 
three years of cropping with no K fertilization), the second leaf below the upper 
most ear was sampled at late silk stage (Tyner, 1946) from plants growing at the 
sampling sites and analyzed for K content to assess K nutritional status. 
In the spring before planting (late April) and in the fall after harvest (early 
October), soil samples were collected from the sampling sites. Soil w’as sampled at 
two depths 0-20 cm (topsoil) and 20-40 (subsoil). These will be referred to as spring 
or fall topsoil or subsoil samples. This procedure was repeated for three years. 
Laboratory Procedures 
Plant Analysis 
Samples were dried to constant weight in an oven at S5°C and their dry weight 
was measured. Potassium in the total above ground portion of plant from all three 
years and the leaf samples collected in 1987 was extracted bj" 0.5 M HCl (Sahraw'-at 
1980, 1984) as described below. A half-gram sample of oven-dried plant material 
was placed in a 125-mL erlenmeyer flask and 50 mL of 0.5 M HCl w’as added to 
the flask. The flask containing the plant- acid mixture was shaken for 5 minutes 
in a reciprocating shaker. Then it was removed from the shaker and its content 
filtered through Whatman 42 filter paper. Potassium in the filtrate w^as de¬ 
termined by atomic emission spectroscopy, using an Instrumentation Laboratories 
Video 11 Atomic Absorption spectrophotometer. Samples and standards contained 
0.1 percent Cs to eliminate ionization interference (Issac and Kerber, 1971). Potas¬ 
sium removal per plant was estimated by multiplying percent plant K by plant dry 
weight. Potassium removal per hectare was estimated by multiplying the K content 
per plant by the number of plants per hectare. 
14 
Soil Analysis 
Exchangeable K. Topsoil and subsoil samples collected in the spring and fall of 
each year were used. Exchangeable K was extracted with neutral 1 M NH^OAC 
solution (Knudsen et al., 1982) as described below. A 5-gram sample of air-dried 
soil was placed in a 125-mL erlenmeyer flask. After 50 mL of extracting solution 
was added to flask, the mixture was shaken for 1 hour, and then filtered through 
Whatman 42 filter paper. Potassium in the filtrate was determined by Atomic 
Emission spectroscopy using 0.1 percent Cs to prevent ionization interference as 
described above. 
HNO?, Extractable K. Topsoil and subsoil samples collected in the spring 1985 
(first year) and fall 1987 (third year) were analyzed. Boiling HNOz extractable K 
was determined with the procedure by Knudsen et al. (1982) as described below. 
A 2.5- gram sample of air-dried soil was placed in a 250-mL digestion tube, 25 mL 
of 1 M HNOz was added to the soil. The digestion tube containing the soil acid 
mixture w’as then placed in a block digester which was preheated to 120°C'. After 25 
minutes, the tube was removed from the block digester, cooled to room temperature 
and its content filtered into a 100-mL volumetric flask. The soil residue in the filter 
paper was washed with four 15-mL portions of 0.1 M HNOz- The flask was then 
brought to volume by addition of 0.1 M HNOz- Potassium in HNOz extract was 
measured by atomic emission spectroscopy as described above. 
Total K. Quadruplicate composite topsoil samples collected in the spring 85 
(first year) and the fall 87 (third year) were used. Total K was determined by 
digestion with HE in a closed vessel (Huat Lim and Jackson, 1982) as described 
below. A 200- mg sample of air dried soil was quantitatively transferred into a 
250-mL reweighed polypropylene bottle, 1 mL of freshly prepared aqua regia and 
10 mL of 48% HE w^as added to it. The bottle was capped immediately and placed 
in a reciprocating shaker. It w’as shaken overnight, opened in the morning and 100 
15 
mL of saturated H^BOz was added to it. After the mixture was cooled to room 
temperature, distilled water was added to the bottle to bring the tared weight of 
soil digest and solutions to 200 grams. Following the mixing of the content of the 
bottle, a 1-mL aliquot was taken from it and analyzed for K by Atomic Emission 
spectroscopy as described before. 
Statistical Procedures 
Experimental Designs 
In general, the experiments were treated as repeated measures, because sod 
and or plant samples were collected from the same spot in ever}' year and season. 
The exchangeable K study w’as analyzed as a split-split plot; in which plot was 
considered the main plot factor, year was a subplot factor and season (spring vs 
fall) was a sub-subplot factor. HNOz extractable and total K data were treated 
as split-plot with plot as the main plot factor and seasons (spring 85 vs fall 87) as 
the sub plot factor. Dry weight, percent plant K and K removal per plant were also 
treated as split-plot with plot as the main plot factor and years (1985, 1986, 1987) 
as subplot factor. All statistical analysis were performed using the Biomedical Data 
Analysis Package (BMDP) (Dixon, 1985). 
Statistical Methods 
Pursuant to the objectives of the study the foUovvdng analysis were performed 
according to the experimental designs described above. Analysis of variance was 
performed on exchangeable, ENOz extractable and total K, to assess the effect of 
cropping with no K fertilization on the above fractions of topsoil or subsoil K. 
Simple and or multiple regression was used to relate topsoil, or topsoil and 
subsoil exchangeable K content of spring samples to dry weight, percent plant K, 
or K removal by crop. Regression analj'sis also was used to relate cumulative K 
16 
removal by the 3 crops of corn to the reduction in topsoil HNOz extractable K 
from spring of the first year (1985) to the fall of the third year (1987). 
17 
CHAPTER III 
CROPPING STUDY 
Introduction and Obiectives 
Plant parameters for the cropping study were dry matter, K concentration and 
K content per plant. This analysis was repeated in all 3 years. The objectives of 
this experiment were to quantify: 
1. Annual dry matter production per plant, K concentration and K content as 
well as cumulati\*e K remo\'al by the 3 crops of corn, and 
2. The effect of cropping year on the above plant parameters. This information 
was used to evaluate the effect of successive cropping on the above plant param¬ 
eters.The effect of cropping and the sensiti\nty of various soil K fractions will 
be discussed in the following chapters: (exchangeable K, chapter R’: HNOz 
extractable K. chapter VI: and total K. chapter VII) to cropping without K 
fertilization. 
Results and Discussion 
Tables 3.1 and 3.2 present the means, standard detdations and analysis of 
\*ariance for plant K concentration. Cropping year did not have any significant 
effect on plant K concentration which were 1.05,1.06 and 0.98 percent in 1985,1986 
and 1987 respectively. The highly significant block by year interaction, indicated 
that plants grown on different blocks did not follow the same pattern of K remo\*al 
in zdl years. In block I, plant K increased from 0.86Vc in 1985 to 1.189t in 1986 and 
then decreased to and 0.79Sx in 1987. In block III, however , it was 1.049c in 1985. 
1.059c in 1986 and 1.249c in 1987 (table 3.1). 
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Tables 3.3 and 3.4 present the mecLns, standard deviations and aneiiysis of 
variance for the production of dry matter per plant. Curiously the amount of dr}* 
matter significantly increased from 224 gram per plcint in 1985 to 299 in 1986 to 335 
in 1987. Dr}' matter production followed the same pattern of increase in all blocks 
during the 3 cropping years, as demonstrated by the lack of a significant block by 
year interaction (table 3.4). 
Tables 3.5 and 3.6 present the means, standard deviations and analysis of 
variance for K removal by the total above ground portion of the plant. Cropping 
year did not have any significant effect on K removal. Plants removed 170, 206 and 
221 kghc~^ of K from the soil in 1985, 1986 and 1987 respectively. These values 
are about the ’average' K removal by a ’typical* crop of com silage in Northeastern 
L nited States (Benne et al., 1964, Herbert and Baker, 1983). Based on a field study 
by Phillips and Barber (1959) K remo\*al by plants is a reliable estimate of soil K 
availability. That the com was able to remove essentially the same amount of K 
from the soil for three consecutive years. This demonstrates a remarkable capacity 
of the soil to supply K from native source. 
The various blocks did not supply the same amounts of K each year as indicated 
by a significant block by year interaction. K removal increased from 178 to 227 then 
decreased to 203 in block II, but in block III, it increased from 168 to 192 to 278 
kgha~^. Cumulative K removal, averaged over the 4 blocks was 598 kgha~", for 
the 3 cropping years. 
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Summary 
1. Mean dry weight of corn produced during 1985, 1986 and 1987 increased from 
244, 299 and 339 grams of dry matter per plant respectively. This approx¬ 
imately equals to 54, 66 and 75 Mg ha-1 of silage yield, calculated at 70% 
moisture. Plant K concentration during these years was 1.05, 1.06 and 0.98 
percent respective!Three crops of corn removed 171, 206 and 221 kgha~^ of 
K from the soil respectively, a total of 598 kgha~^ and 
2. Production of dry matter per plant increased significantly but plant K concen¬ 
tration or K content did not. 
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CHAPTER IV 
EXCHANGEABLE POTASSIUM STUDY 
Introduction and Obiectives 
Corn was grown on Hadley silt loam for 3 consecutive years without K fertil¬ 
ization. Each year, topsoil and subsoil samples were collected in the spring before 
planting and in the fall after crop harvest. Exchangeable K vras determined by 
extraction with neutral 1 M NH40AC. The results of exchangeable K analysis, in 
conjunction with cropping data (chapter III) was used to investigate: 
1. Effect of cropping on topsoil and subsoil exchangeable K, 
2. The sensitivity of topsoil exchangeable K to cropping, and 
3. The relation between plant parameters (dry matter, K concentration and K 
content) and topsoil, subsoil or topsoil and subsoil exchangeable K. 
Results and Discussion 
Tables 4.1-4.3 present the means, standard deviations and anal5'sis of variance 
for topsoil samples. Cropping did not reduce the topsoil exchangeable K. This is 
suggested by the lack of a significant season (average of 3 springs vs average of the 
3 falls) effect (table 4.2). Within each year there was no significant reduction in 
topsoil exchangeable K due to cropping as demonstrated by the lack of a significant 
year by season interaction (table 4.3). Topsoil exchangeable K was 232 in the spring 
and 312 kgha~^ in the fall of 1985; in 1986 it was 263 in the spring and 237 kgha~^ 
in the fall; and in 1987 it was 177 in the spring and 189 kgha~^ in the fall (Table 
4.2). Considering the fact that no K fertilizer was applied in any of the cropping 
years, this data is indicative of the release of significant quantities of K from the 
soil minerals. 
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TABLE 4.3 Analysis of variance for the topsoil 
exchangeable K. 
Source DF MS F Test F Ratio 
WHOLE PLOT 
Block(B) 3 42807 B/P;B 7.78** 
Plot:Block{P:B) 86 5496 
SUBPLOT 
Year(Y) 2 381757 Y/BY 3.75^5 
BY 6 101112 BY/PY:B 19.11** 
PY:B 172 5289 
SUB-SUBPLOT 
' 
Season(S) 1 95637 S/BS 5.43^^ 
BS 3 17585 BS/PS:B 4.03* 
PS:B 86 4357 
YS 2 111554 YS/BYS:B 4.37^^ 
BYS 6 25478 BYS/PSY:B 6.39** 
PYS:B 172 3982 
NS 'Not Significant 
* Significant at P=0.05 
** Significant at P=0.01 
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This is in agreement with greenhouse (Chandler et al.,1945; Gholston and 
Hoover, 1948; MacLean, 1961) and also field studies (Grimes and Hanway, 1967; 
Peterson and Krueger, 1980). All of the above studies were conducted on silt 
loam soils. During the 3 cropping seasons, corn plants removed (averaged over 4 
blocks) a total of 598 kg ha-1 (0.68 cmol kg~^) of K from the soil, however, topsoil 
exchangeable K was reduced only from 232 to 189 kgha~^ (0.26 to 0.22 cmol kg~^. 
Even if the lack of statistical significant between these two values is ignored , the 
reduction in exchangeable K from spring of the first year to the fall of the third 
year can account for only 7% of the cumulative amount of K removed by plants. 
Three crops of corn removed about 3 times more K than the initial level of soil 
exchangeable K. Therefore, exchangeable K was not sensitive to cropping (figure 
4.1). In this experiment the mineral fraction was the only apparent source of K for 
plants. The release of large quantities of K from the soil mineral fraction appears 
to be typical of many other silt loams that have failed to respond to K fertilization 
(Black, 1963; Hutton and Robertson, 1961; Liebhardt et al., 1976; Lutz, 1973,a,b; 
Lutz and Jones, 1969; Rhem et al., 1981; Sparks et al., 1980; Yuan et al., 1976). 
Tables 4.4-4.6 present the means, standard deviations and analysis of variance for 
exchangeable K content of subsoil samples collected from spring and fall of the 
three years. There was a significant increase in subsoil exchangeable K when the 
average of the three springs is compared with the average of 3 falls (tables 4.4 and 
4.6). There was no significant year by season interaction, suggesting that subsoil 
exchangeable K was not significantly reduced by cropping (Table 4.6). Exchangeable 
K content was 177 in spring and 200 kgha~^ in the fall of 1985; in 1986 it was 173 
in the spring and 177 kgha~^ in the fall; and in 1987 subsoil exchangeable K was 
120 in the spring and 168 kgha~^ in the fall (table 4.5). It is impossible to estimate 
the amount of K removed from subsoil under the current experimental protocol, 
but several field studies (Hanway et al., 1962; Woodruff and Parks, 1980) have 
documented the utilization of subsoil K by corn plants. 
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TABLE 4.6 Analysis of variance for the subsoil 
exchangeable K. 
Source DF MS ; F Test F Ratio 
WHOLE PLOT 
Block(B) 3 13742 B/P:B 10.28** 
Plot:Block(P:B) 82 1310 
SUBPLOT 
Year(Y) 2 86032 Y/BY bo
 * 
BY 6 11026 BY/PY:B 10.03** 
PY:B 164 1099 
SUB-SUBPLOT 
Season(S) 1 79791 S/BS 47.18** 
BS 3 1690 BS/PS:B 1.6^^ 
PS:B 82 1053 
YS 2 20836 YS/BYS:B 1.24^^ 
BYS 6 16673 BYS/PSY:B 15.02** 
PYS:B 164 1109 
NS Not Significant 
* Significant at P=0.05 
** Significant at P—0.01 
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Topsoil and subsoil exchangeable K, plant dr}' matter, K concentration and K 
content for the 3 cropping years are summarized in tables 4.7-4.9. Plant dry matter 
was independent of topsoil or subsoil exchangeable K. This reflected the relatively 
constant plant dry weight and a narrow range of topsoil or subsoil exchangeable K. 
Plant K was also independent of topsoil exchangeable K in 1985 and 1986, due to 
high topsoil exchangeable K and a narrow range of plant K. For example, in 1986 
the concentration of K in plants ranged only from 0.97 to 1.13 percent, and topsoil 
exchangeable K on all blocks was equal to or higher than 200 kgha~^. At these 
high levels of exchangeable K no response to additional increments of K could be 
expected. In 1987, the plant K concentration was highly correlated with topsoil 
exchangeable K. This is due to a wide range of plant K (0.78 to 1.24 percent) and 
lower levels (less than or equal to 200 kgha~^) of exchangeable K. Plant K was 
independent of subsoil exchangeable K in all 3 years. The relation between plant K 
content and topsoil or subsoil exchangeable K was the same as between the plant 
K concentration and topsoil or subsoil exchangeable K, since K removal by the 
plants was a product of multiplication of plant K concentration by its dry weight. 
In all of the regression equations relating various plant parameters to topsoil or 
subsoil exchangeable K, combining data from 3 years did not improve any of the 
correlations. Inclusion of subsoil exchangeable K in regression equations relating 
plant parameters to topsoil exchangeable K did not improve the correlation either. 
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Summary 
1. Cropping did not reduce exchangeable K in topsoil or subsoil in any of the 
years, 
2. Topsoil or subsoil exchangeable K was not sensitive to cropping, and 
3. Plant dry weight was not correlated with topsoil, subsoil or topsoil and subsoil 
exchangeable K. Plant K was not correlated with subsoil exchangeable K nor 
was it correlated with topsoil exchangeable K in 1985,1986. However it was 
correlated with topsoil exchangeable K in 1987. 
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CHAPTER V 
CRITICAL POTASSIUM CONCENTRATION STUDY 
Introduction and Obiectives 
The objective of this experiment was to determine if corn yield was limited by 
K deficiency after 3 years of cropping without K fertilization. Ear leaf samples were 
collected (according to the procedure described by Tyner, 1946) in 1987 at full silk 
stage, and analyzed for K content. 
Results and Discussion 
The means and standard deviation of leaf K concentration for each block and 
for all 4 blocks combined are presented in table 5.1. Leaf K varied from 1.91 to 
1.63 percent among blocks. The relatively constant standard deviation of the data 
indicated that sampling intensity (24 samples/block) provided a good estimate of 
leaf K. When all the data was considered as a single group, mean leaf K was 1.80 
percent. Tyner (1946) established critical leaf K value of 1.3 percent for corn grown 
on Ravne silt loam. Pesek (1968) reviewed the results of comprehensive field studies 
conducted by Hanway et al. (1962) and concluded that at leaf K values above 1.75 
percent was no response to K fertilization. 
Summary 
Com yield was not limited by K deficiency even after 3 years of cropping 
without K fertilization. 
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CHAPTER VI 
ENOz EXTRACTABLE POTASSIUM STUDY 
Introduction and Obiectives 
Three years of cropping without K fertilization did not significantly reduce the 
topsoil exchangeable K. This was attributed to release of large quantities of K from 
the soil mineral fraction (chapter IV). The magnitude of K release was large enough 
to maintain plant K above the critical level and sustain near majcimum corn yield 
(chapter V). Extraction with boiling ENOz has been widely used as a measure of 
K supplying power. The exact nature and extent of K release to boiling ENO3 is 
not well understood, but in general it is agreed that ENOz is able to extract some 
of the K residing in the interlayers of mica and mica vermiculite intergrades. 
Topsoil and subsoil samples collected in the spring of 1985 and fall of 1987 
were extracted with boiling ENOz- The analytical results in conjunction with 
cumulative K removal data (chapter III) was used to investigate: 
1. The effect of cropping on topsoil and subsoil ENOz extractable K, 
2. The sensitivity of topsoil ENOz extractable K to cropping, and 
3. The correlation between the cumulative K removal during the study years corn 
and the change in topsoil ENOz extractable K from spring of the first year 
(1985) to the fall of the third year (1987). 
Results and Discussion 
Tables 6.1 and 6.2 present the means, standard deviations and analysis of vari¬ 
ance for topsoil samples collected in the spring of 1985 and the fall of 1987. There 
was a significant difference in ENOz extractable K content among blocks, however 
the difference was independent of sampling season. This is demonstrated by signif¬ 
icant block and non significant block by season interaction, suggesting nonuniform 
release of potassium from soil minerals in various blocks (table 6.2). 
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Cropping significantly reduced topsoil HNOz extractable K (table 6.2). The 3 
crops removed different amounts oi HNOz extractable K from each block. In block 
I topsoil HNOz extractable K decreased from 763 to 711 kgha~^ ^ but in block III 
it decreased from 819 to 651 kgha~^ (table 6.1). This highly significant reduction 
indicated that K in the interlayers of mica and mica vermiculite intergrades was a 
source of that nutrient for the three years of cropping. 
Particle size analysis of the soil indicated that it contains 46.5and clay fraction 
of many ’’young” soils such as the Hadley series, contain appreciable quantities of 
relatively unweathered mica (Rich, 1968; Shepard, 1978; Martin and Sparks, 1985). 
Weathering of mica bearing minerals by dissolution and/or exchange of interlayer 
K with hydrated cations can release potassium (Jackson, 1968; Mengel and Kirkby, 
1982; Rich, 1972). Three crops of corn removed about 598 kgha~^ (0.68 cmol 
kg~^) of potassium from the soil (chapter III). Averaged over 4 blocks, topsoil 
HNOz extractable K w’as only reduced from 849 to 651 kgha~^ (0.97 to 0.85 cmol 
kg~^) (table 6.1). Thus the reduction in HNOz extractable K can account for only 
about 20the 3 crops of corn, therefore, HNOz extractable K w'as not very sensitive 
to cropping (figure 6.1). 
Potassium removal by the 3 crops of corn was correlated with the reduction 
in HNOz extractable K from spring of 1985 to the fall of 1987 (r2=0.53). The 
regression equation (Y= 535-1-0.56X) suggested that about 535 kgha~^ of the K 
removed by the 3 crops was not extractable by HNOz- Identification of possible 
sources which supplied the 535 kgha~^ of K could have significant implication(s) 
in terms of our understanding of K chemistry in this soil and perhaps many other 
soils with similar properties. 
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Tables 6.3 and 6.4 present the means, standard deviations and analysis of 
variance for the subsoil samples collected in the spring of 1985 and fall of 1987. 
There was a significant difference in HNOs extractable K among blocks, however 
unlike the topsoil the difference was season dependent, as suggested by significant 
block effect and block by season interaction table (6.4). Cropping did not have any 
significant effect on subsoil HNOz extractable K (table 6.4). This may seems to 
imply that corn did not remove any HNOz extractable K from the subsoil, however 
the lack of significant season effect is probably due to an unexpected increase in 
subsoil HNOz extractable K in block I, because the other blocks (II-IV) show a 
relatively uniform reduction in HNOz extractable K (table 6.3). 
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Summary 
1. Cropping significantly reduced topsoil HNOz extractable K, 
2. Topsoil HNOz extractable K was not sensitive to cropping, and 
3. Cumulative K removal by the three crops of corn was significantly correlated 
with the reduction in topsoil ENOz extractable K. 
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CHAPTER VII 
TOTAL POTASSIUM STUDY 
Introduction and Obiectives 
Corn produced near maximum yield (chapter V) by utilizing K from the soil 
mineral fraction during the 3 consecutive years of cropping without K fertiliza¬ 
tion. The most widely used indexes of immediate and long term K availability 
(exchangeable and HNOz extractable K) were not sensitive to K removed by crop¬ 
ping (chapter IV, chapter VI). In this experiment quadruplicate composite topsoil 
samples collected in the spring of 1985 and fall of 1987 were analyzed for their total 
K content by digestion in HF. The result of that chemical analysis in conjunction 
with cumulative K removal by 3 crops of corn was used to evaluate: 
1. The effect of cropping on topsoil total K and 
2. The sensitivity of topsoil total K to cropping. 
Results and Discussion 
Table 7.1 and 7.2 present the means, standard deviations and analysis of vari¬ 
ance for the total K content of topsoil samples. There was a significant difference in 
total K content among blocks in both sampling seasons as suggested by significant 
block effect and nonsignificant block by season interaction (table 7.2). This sig¬ 
nificant difference is primarily due to heterogeneity of the alluvial parent material. 
Cropping significantly reduced topsoil total K. Topsoil total K (averaged over four 
blocks) was 34,800 kg ha-1 (39.80 cmol kg-1) in the spring of 1985 and 32,800 kg 
ha-1 (37.40 cmol kg-1) in the fall of 1987, a decrease of 2,000 kg ha-1. Averaged 
over four blocks the three crops of corn removed 598 kg ha-1 (0.68 cmol kg-1) of K 
from soil. The reduction in total K could account for the amount of K removed by 
the three corn crops, therefore total K was sensitive to cropping (figure 7.1). 
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One possible implication is that all of the K removed by the three corn crops 
could have come from the topsoil mineral fraction. 
An average decrease of 2000 kg ha-1 (from the spring of 1985 to the fall of 
1987) in total K, may seem to suggest that the reduction in total K was almost 3 
times higher than the amount of K removed by the three crops of corn. However, in 
order to arrive at statistically sound conclusions, the standard deviations for these 
measurements should also be taken into the consideration. The standard deviations 
for topsoil total K for the spring of 1985 and the fall of 1987 were 3662 and 4000 kg 
ha- 1 respectively. The standard deviation for the amount of K removed by the 3 
crops of corn w’as 217 kg ha-1. Furthermore no estimate of the amount of K lost to 
leaching is included here. There may not be any statistically significant difference 
between the true value of K removed by the three crops of corn and the true value 
of the reduction in topsoil total K. 
The cumulative K removal by the 3 crops of corn was not correlated with the 
reduction in total K from the spring of the first year to the fall of the last year 
(table 7.3). This is due to a narrow range of cumulative K removal (525 to 638 kg 
ha-1) and a wide range of the reduction in topsoil total K (641 to 3606 kg ha-1). 
Insensitivity of HNOz extractable and sensitivity of total K indicated that 
most of the K removed by the 3 crops of corn was supplied from minerals resistant 
to boiling HNOz extraction. This is also supported by the high intercept value 
(535 kg ha-1) for the regression equation relating cumulative K removal by the 
three crops of corn to the reduction in topsoil ENOz extractable K from the spring 
of the first year to the fall of the third year (chapter VI). A discussion of the possible 
sources is presented. 
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As mentioned, weathering converts mica to vermiculite and releases potassium 
into soil solution (DeMumberum, 1963; Feignbaum et al., 1981; Metson, 1968). 
Removal of K by crops from mica is associated with an increase in vermiculite, 
cation exchange capacity and a decrease in total K. In a classic study by Mortland 
et al. (1956) four crops of wheat (Triticum aestivum) decreased the total K content 
of biotite mica from 5.8 to 2.4 % and increased cation exchange capacity from 14 to 
54 cmol kg-1. If mica was the only sources of K removed by 3 crops of corn, then 
there should be an increase in vermiculite content and cation exchange capacity of 
the soil (from spring 85 to fall 87) proportional to the amount of K removed by the 
3 corn crops. 
The soil under the study contains 46.5% sand, 49.5% silt and 3.6% clay, (chapter 
VI). Sand and silt fraction of unweathered soils such as the Hadley series often 
contain considerable amounts of feldspar (DeU, 1963; Haw’kins and Graham, 1950; 
Jefferies et al., 1956; Rasmussen, 1972; Sadusky et al., 1987; Somasiri et al., 1971). 
Sparks and Huang (1985) cited reports indicative of presence of feldspar even in the 
clay fraction of unweathered soils. 
Boiling HNOz is more effective in removal of K from mica than feldspar min¬ 
erals. In a study by Huang et al. (1968) the rate of K release by boiling nitric acid 
from biotite mica vras 118 to 190 times higher than the rate of K release from mi- 
crocline. The sensitivity of total K and insensitivity of HNOz extractable K could 
be due to the fact that most of the K removed by the 3 corn crops was supplied 
by feldspar minerals. In recent years there has been some indirect evidences that 
K feldspar can release potassium for plant growTh (Parker et al., 1989a,b; Sadusky 
et al., 1987). 
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Summary 
1. Cropping significantly reduced topsoil total K, and 
2. Total K was sensitive to cropping. 
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CHAPTER VIII 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
The following conclusions can be drawn after three consecutive years of crop¬ 
ping without K fertilization on a Hadley silt loam: 
1. Averaged over 4 blocks, corn produced 244, 299 and 339 grams of dry matter 
per plant during 1985, 1986 and 1987 respectively. This is approximately equal 
to 54, 66 and 75 Mgha~^ of silage yield, calculated at 70% moisture. Plant 
K concentrations over that period averaged 1.05, 1.06 and 0.98 percent. Corn 
crops removed 171, 206 and 221 (a total of 598 kgha~^) of K from soil over 
that time period, 
2. Over the three years of the experiment the dry weight per plant was significantly 
increased, but plant K concentration and K content were unchanged, 
3. Cropping did not significantly reduce topsoil or subsoil exchangeable K, 
4. Topsoil and subsoil exchangeable K were not sensitive to cropping, 
5. Plant dry weight was not correlated with topsoil, subsoil, or topsoil and subsoil 
exchangeable K. Plant K (concentration and content) was not correlated with 
subsoil exchangeable K. It "was not correlated with topsoil exchangeable K in 
the first and second year but it was highly correlated with topsoil exchangeable 
K in the third year, 
6. Com yield was not limited by K deficiency, even in the third cropping year, 
7. Cropping significantly reduced topsoil ENOz extractable K, but it did not 
reduce subsoil HNOz extractable K, 
8. Topsoil HNOz extractable K was not very sensitive to cropping, 
9. Cumulative K removal by the three crops of corn was correlated whth the re¬ 
duction in topsoil HNOz extractable K, from the spring of the first year to the 
60 
fall of the third year, 
10. Cropping significantly reduced topsoil total K, and 
11. Topsoil total K was sensitive to cropping. 
Recommendations 
Potassium fertilizer application rates (during 1980-1982), cumulative K removal 
by the corn crops, reduction in exchangeable, HNOz extractable and total K, from 
the spring of 1985 to the fall of 1987 is summarized in table 8.1. There was no 
relation between previous K application rate and cumulative K removal or the 
reduction in exchangeable, HNO3 extractable, and total K. 
This study concentrated on K supplying power of a Hadley silt loam. It would 
be desirable to conduct similar studies involving alluvial and nonalluvial soils with 
various textures and mineralogies. Results of such studies can provide a better 
understanding of the factors involved in K release over a wide range of soils. 
A progressive increase in plant dry matter was observed across the years, its 
cause cannot be ascertained under the current experimental protocol. A nutritional 
imbalance which is alleviated by progressive cropping might be the cause. Identi¬ 
fication of the factor(s) contributing to this progressive yield increase will provide 
valuable information on long term fertility requirements of corn on this soil. 
Reduction of HNO3 extractable K (from the spring of the first year to the fall 
of the third year) was able to account for about 20% of K removed by 3 crops of 
corn, these two values were correlated. One setback of HNO3 extractable K was 
its lack of sensitivity to cropping. Also the extent of K removal from soil mica and 
mica vermictilite intergrades by HNO3 is not well known. A major obstacle is the 
sensitivity of the method to the slight variation in duration and intensity of boiling, 
which is very typical of temperature dependent chemical reactions. 
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Total K was sensitive to cropping. Contrary to the common belief, despite its 
low clay content soil had a remarkable capacity to supply K for near mciximum crop 
yield. This suggests that sand and silt fraction of soil play an important role in 
supplying K for plant nutrition. Fractionation of soil into various particle sizes and 
determination of boiling HNOz extractable and total K of each size fraction will 
provide valuable information on potential K supplying power of each particle size 
fraction. Research along this line by Sparks and his group in Delaware on sandy 
Atlantic Coastal Plain soils has stressed the importance of the sand fraction. The 
amount of data on the importance of sand and silt fraction of northeast soils in this 
regard is meager. 
Three areas of mineralogical research on this soil merit future attention: 1 
Detailed mineralogy of sand, silt and clay fraction, 2 Quantitative determination of 
principle K containing minerals, and 3 Assessment of the possible contribution of 
each mineral (particularly mica and feldspar) to crop nutrition. 
Data presented in this study demonstrates beyond any doubt that there is 
substantial release of K from the soil mineral fraction in this soil and perhaps many 
similar soils. This potentially available K can sustain near maximum crop yield. The 
two most widely used indexes of short and long term K availability (exchangeable 
and HNOz extractable K) were not sensitive to cropping. Future research on means 
of utilization of this potentially available K will increase the knowledge of soil K 
chemistry having a significant implication in crop production on coarse textured 
soils. 
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APPENDIX A 
SITE LOCATION 
This appendix was prepared to guide future researchers to the exact location 
of the plots used in this study. While some of the drawings may not be to scale, 
the dimensions and distcinces given are exact measurements. 
There are 4 figures in this appendix. Figure 1 is the generai layout of the 
University of Massachusetts’ research farm in South Deerfield. Area 4A w’as the 
site of the fertility experiments conducted between 1980-1982 by Herbert and Baker 
(cited in chapter I) and it was also used for the study presented in this thesis. Figure 
2 is an enlargement of area 4 showing the exact location of area 4A and distance 
of that area from the bams used as landmarks. Figure 3 is an enlargement of area 
4A. Two groups of blocks are drawn in that figure. Blocks 105-109 are those which 
their exchangeable K content was monitored by Baker between fall 1980 to fall 1981 
(chapter I, table 1.1). Blocks I-IV are the ones used in this thesis between 1985- 
1987. Figure 4 is an enlargement of one the blocks which shows the grid pattern 
superimposed on the block. The intersection of grid patterns was used as the site 
for coDecting soil and plant samples during the course of the study. The term 
‘^plot” throughout this report refers to the intersection lines of the grid patterns or 
sampling sites. 
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Figure A.2 General layout of area 4 of the South Deerfield research 
farm. 
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30.5m‘ 
◄-► 
Figure A. 3 Location of the experimental blocks. 
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Figure A.4 Location of the sampling sites within a block. 
68 
APPENDIX B 
PILOT SAMPLING 
This appendix explains the rational behind taking 24 soil samples per block 
for this study. In the early spring of 1985, before the initiation of this study, an 
experimental block (block 107 in appendix A, figure 3) was sampled on an X shape 
grid pattern at 0.9 m intervals and 14 samples were collected and analyzed for 
exchangeable K. Sample size determination techniques described in chapter I were 
applied to the results. It w^as determined that 80 samples per block were required 
to estimate exchangeable K content at 95% confidence level with a margin of ±25 
kgha~'^. Then a grid pattern describing 84 (0.3 X 0.9 m) plots was imposed on block 
108, and 84 samples were collected from that block and analyzed for exchangeable 
K. Using the data exchangeable K was compared when 3 sampling intensities were 
employed. A: 84 samples (0.3 X 0.9 m plots), B:42 samples (0.6 X 0.9 m plots) and 
C:18 samples (1.2 X 0.9 m plots). The means and standard deviations for the 3 
sampling intensities were 287 ± 99, 281 ± 98 and 288 ±102 respectively. Considering 
the small variations in means and standard deviations it w’as decided to use a 
sampling intensity which reduces the effect of soil variability and at the same time 
is practical. Therefore, a sampling intensity of 24 samples per block or sampling on 
a 0.9 X 0.9 m grid pattern was selected. 
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APPENDIX C 
THREE DIMENSIONAL REPRESENTATIONS 
In this appendix the spatial distribution of topsoil exchangeable and HNOz 
extractable K as well as K removed by the 3 corn crops is presented as three di¬ 
mensional graphs. There are 40 figures in this appendix. 
Figures 1-8 describe the topsoil exchangeable K content of the 4 experimental 
blocks. Odd numbered figures are the exchangeable K in the spring of the first year 
(1985) and even numbered figures are the exchangeable K in the fall of the third 
year (1987). 
Figures 9-32 compare exchangeable K content of topsoil samples collected in 
the spring of the first, second and third year (1985, 1986 and 1987) with K removed 
by 3 corn crops in those years. Odd numbered figures represent exchangeable K 
level and even numbered figures represent K removed by the corn crop. 
Figures 33-40 represent HN03 extractable K content of experimental blocks in 
the first spring and third fall (spring 1985 and fall 1987). Odd numbered figures 
represent spring of the first year and even numbered figures represent the fall of the 
third year. 
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Figure C.l Three dimensional representation 
of topsoil exchangeable K. 
Block,!, spring 1985. 
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Figure C.2 Three dimensional representation 
of topsoil exchangeable K. 
Block I, fall 1987. 
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Figure C.3 Three dimensional representation 
of topsoil exchangeable K. 
Block II, spring 1985. 
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Figure C.4 Three dimensional representation 
of topsoil exchangeable K. 
Block II, fall 1987. 
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Figure C.5 Three dimensional representation 
of topsoil exchangeable K. 
Block III, spring 1985. 
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Figure C.6 Three dimensional representation 
of topsoil exchangeable K. 
Block III, fall 1987. 
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Figure C.6 Three dimensional representation 
of topsoil exchangeable K. 
Block III, fall 1987. 
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Figure C.7 Three dimensional representation 
of topsoil exchangeable K. 
Block IV, spring 1985. 
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Figure C.8 Three dimensional representation 
of topsoil exchangeable K. 
Block IV, fall 1987. 
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Figure C.9 Three dimensional representation 
of topsoil exchangeable K. 
Block I, spring 1985. 
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Figure C.IO Three dimensional representation 
of K removed by the corn crop. 
Block I, 1985. 
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Figure C.ll Three dimensional representation 
of topsoil exchangeable K. 
Block II, spring 1985. 
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Figure C.12 Three dimensional representation 
of K removed by the corn crop. 
Block II, 1985. 
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Figure C.13 Three dimensional representation 
of topsoil exchangeable K. 
Block III, spring 1985. 
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Figure C.14 Three dimensional representation 
of K removed by the corn crop. 
Block III 1985. 
84 
Figure C.15 Three dimensional representation 
of topsoil exchangeable K. 
Block IV, spring 1985. 
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Figure C.16 Three dimensional representation 
of K removed by the corn crop. 
Block IV, 1985. 
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Figure C.17 Three dimensional representation 
of topsoil exchangeable K. 
Block I, spring 1986. 
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Figure C.18 Three dimensional representation 
of K removed by the corn crop. 
Block 1, 1986. 
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Figure C.19 Three dimensional representation 
of topsoil exchangeable K. 
Block II, spring 1986. 
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Figure C.20 Three dimensional representation 
of K removed by the corn crop. 
Block II, 1986. 
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Figure C.21 Three dimensional representation 
of topsoil exchangeable K. 
Block III, spring 1986. 
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Figure C.22 Three dimensional representation 
of K removed by the corn crop. 
Block III 1986. 
92 
E
X
C
H
A
N
G
E
A
B
L
E
 K
 (
k
g
/h
a
) 
Figure C.23 Three dimensional representation 
of topsoil exchangeable K. 
Block IV, spring 1986. 
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Figure C.24 Three dimensional representation 
of K removed by the com crop. 
Block IV, 1986. 
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Figure C.25 Three dimensional representation 
of topsoil exchangeable K. 
Block I, spring 1987. 
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Figure C.26 Three dimensional representation 
of K removed by the corn crop. 
Block I, 1987. 
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Figure C.27 Three dimensional representation 
of topsoil exchangeable K. 
Block II, spring 1987. 
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Figure C.28 Three dimensional representation 
of K removed by the com crop. 
Block II, 1987. 
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Figure C.29 Three dimensional representation 
of topsoil exchangeable K. 
Block III, spring 1987. 
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Figure C.30 
Three dimensional representation 
of K removed by the corn crop. 
Block III 1987. 
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Figure C.31 Three dimensional representation 
of topsoil exchangeable K. 
Block IV, spring 1987. 
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Figure C.32 Three dimensional representation 
of K removed by the corn crop. 
Block IV, 1987. 
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Figure C.32 Three dimensional representation 
of K removed by the corn crop. 
Block IV, 1987. 
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Figure C.33 Three dimensional representation 
of topsoil HNOj extractable K. 
Block I, spring 1985. 
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Figure C.34 Three dimensional representation 
of topsoil HNO3 extractable K. 
Block I, fall 1987. 
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Figure C.35 Three dimensional representation 
of topsoil HNO3 extractable K. 
Block II, spring 1985. 
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Figure C.36 Three dimensional representation 
of topsoil HNO3 extractable K. 
Block II, fall 1987. 
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Figure C.37 Three dimensional representation 
of topsoil HNO3 extractable K. 
Block III, spring 1985. 
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Figure C.38 Three dimensional representation 
of topsoil HNO3 extractable K. 
Block III, fall 1987. 
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Figure C.39 Three dimensional representation 
of topsoil HNO3 extractable K. 
Block IV, spring 1985. 
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Figure C.40 
Three dimensional representation 
of topsoil HNO3 extractable K. 
Block IV, fall 1987. 
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